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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 2, 4 and 12 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent 6,288,431, granted to "Iwasa," in view of U.S. Patent 
4,996,574, granted to "Shirasaki," in view of U.S. Patent 4,356,21 1, granted to 
"Riseman." 

Claim 1: Iwasa discloses a semiconductor device, in Figs. 1 and 3D, 
comprising: 

a semiconductor substrate (1 ), the semiconductor substrate contains an impurity 
of a first conductive type; 

a source region and a drain region (22), each of which contains an impurity of a 
second conductive type; 

a semiconductor FIN (11) provided between the source region and the drain 
region, the semiconductor FIN having an upper surface and both side surfaces; 

a gate insulating film (12) provided on the upper surface and the both side 
surfaces of the semiconductor FIN; and 

a gate electrode (21) formed directly on the gate insulating film (column 1 1 , line 
49 -column 12, line 10). 
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Iwasa appears not to explicitly disclose a semiconductor substrate in which a 
trench is formed; source and drain regions buried in the trench, and a semiconductor 
FIN buried in part of the trench. 

Shirasaki, however, discloses forming a semiconductor FIN and source and drain 
regions in a trench of a substrate is a suitable alternative to forming them on a substrate 
(Figs 9 and 10). 

Since forming a semiconductor FIN and source and drain regions in a trench of a 
substrate is a suitable alternative to forming them on a substrate, it would therefore 
have been obvious to modify Iwasa to have formed the semiconductor FIN and the 
source and drain regions in a trench of the substrate. Forming the semiconductor FIN 
and the source and drain regions in a trench of the substrate, the gate electrode would 
then have a planar portion extending from the upper surface of the semiconductor FIN, 
over the upper portion of the trench, to portion of the semiconductor substrate in which 
the trench is not formed, wherein the gate electrode has in the trench, termination 
structures extending toward a bottom of the trench along both sides of the 
semiconductor FIN. 

Iwasa in view of Shirasaki appears not to explicitly disclose a channel stopper 
formed in a region located at a bottom portion of the trench in the semiconductor 
substrate and containing an impurity of the first conductive type at a high concentration 
than that in the semiconductor substrate. 

Riseman, however, discloses forming a channel stopper 22 below a trench 20, 
the channel stopper having an impurity of the same conductivity type as the substrate 
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and at a concentration higher than the substrate to avoid short circuiting (Fig. 9; column 
4, lines 14-24). 

To avoid short circuiting therefore it would have been obvious to modify Iwasa in 
view of Shirasaki to have a channel stopper formed in a region located at a bottom 
portion of the trench in the semiconductor substrate and containing an impurity of the 
first conductive type at a high concentration than that in the semiconductor substrate. 

Claim 2: Iwasa discloses the semiconductor FIN is made of Si (column 12, line 
35-36). 

Claim 4: Shirasaki discloses the gate electrode is provided on the gate 
insulating film so as to extend over the semiconductor substrate; the gate insulating film 
is provided on part of the semiconductor substrate in which the trench is not formed as 
well as the both side surfaces and the upper surface of the semiconductor FIN; and part 
of the gate insulating film located on the part of the semiconductor substrate in which 
the trench is not formed is interposed between the semiconductor substrate and the 
gate electrode (Fig. 10A). 

Claim 12: Iwasa discloses the upper surface of the gate electrode has an even 
surface (Fig. 1). 

Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Iwasa in 
view of Shirasaki in view of Riseman as applied to claims 1 , 2, 4 and 1 2 above, and 
further in view of U.S. Patent 4,868,632 granted to "Hayashi." 
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Claim 3: Iwasa in view of Shirasaki in view of Riseman discloses all the 
limitations of claim 1 . Iwasa in view of Shirasaki in view of Riseman appear not to 
explicitly disclose an isolation insulating film is further provided between part of the 
semiconductor substrate located in a side wall portion of the trench and part of the gate 
electrode located over the side wall of the semiconductor FIN and an insulating film is 
further provided between part of the semiconductor substrate in which the trench is not 
formed and the gate electrode. 

Hayashi, however, discloses a gate insulating film with three layers (106, 017, 
1 08; Fig. 1 ; column 3, lines 1 5-28) to better insulated the gate from the rest of the 
transistor. 

To better insulated the gate from the rest of the transistor therefore it would have 
been obvious to modify Iwasa in view of Shirasaki in view of Riseman to have provided 
an isolation insulating film between part of the semiconductor substrate located in a side 
wall portion of the trench and part of the gate electrode located over the side wall of the 
semiconductor FIN and to have provided an insulating film between part of the 
semiconductor substrate in which the trench is not formed and the gate electrode. 

Claims 6, 8 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Iwasa in view of Shirasaki in view of Riseman in view of U.S. Patent 7,1 63,851 , 
granted to "Abadeer." 

Claim 6: Iwasa discloses a field-effect transistor, Figs. 1 and 3D, including a 
semiconductor substrate (1), a source region and a drain region (22) each of which 
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contains an impurity of the same conductive type, a semiconductor FIN (11) provided 
between the source region and the drain region, the semiconductor FIN having an 
upper surface and both side surfaces, a gate insulating film (12) provided on the upper 
surface and the both side surfaces of the semiconductor FIN, and a gate electrode (21) 
formed directly on the first get insulating film (column 11, line 49 - column 12, line 10). 

Iwasa appears not to explicitly disclose a semiconductor substrate in which a 
trench is formed; source and drain regions buried in the trench, and a semiconductor 
FIN buried in part of the trench. 

Shirasaki, however, discloses forming a semiconductor FIN and source and drain 
regions in a trench of a substrate is a suitable alternative to forming them on a substrate 
(Figs 9 and 10). 

Since forming a semiconductor FIN and source and drain regions in a trench of a 
substrate is a suitable alternative to forming them on a substrate, it would therefore 
have been obvious to modify Iwasa to have formed the semiconductor FIN and the 
source and drain regions in a trench of the substrate. Forming the semiconductor FIN 
and the source and drain regions in a trench of the substrate, the gate electrode would 
then have a planar portion extending from the upper surface of the semiconductor FIN, 
over the upper portion of the trench, to portion of the semiconductor substrate in which 
the trench is not formed, wherein the gate electrode has in the trench, termination 
structures extending from the upper surface of the semiconductor FIN toward a bottom 
of the trench along the both sides of the semiconductor FIN. 
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Iwasa in view of Shirasaki appears not to explicitly disclose a channel stopper 
formed in a region located at a bottom portion of the trench in the semiconductor 
substrate and containing an impurity of the first conductive type at a high concentration 
than that in the semiconductor substrate. 

Riseman, however, discloses forming a channel stopper 22 below a trench 20, 
the channel stopper having an impurity of the same conductivity type as the substrate 
and at a concentration higher than the substrate to avoid short circuiting (Fig. 9; column 
4, lines 14-24). 

To avoid short circuiting therefore it would have been obvious to modify Iwasa in 
view of Shirasaki to have a channel stopper formed in a region located at a bottom 
portion of the trench in the semiconductor substrate and containing an impurity of the 
first conductive type at a high concentration than that in the semiconductor substrate. 

Iwasa in view of Shirasaki in view of Riseman appears not to explicitly disclose 
two field-effect transistors on the same substrate. 

Abadeer, however, discloses a FinFet integrated with another FET to increase 
device density (column 1 , line 7 - column 2, line 4). 

To increase device density therefore it would have been obvious to modify Iwasa 
in view of Shirasaki to have provided the field-effect transistor of Lee on the same 
substrate to increase device density. 

Claim 8: Shirasaki discloses the gate electrode is provided on the gate 
insulating film so as to extend over the semiconductor substrate; the gate insulating film 
is provided on part of the semiconductor substrate in which the trench is not formed as 
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well as the both side surfaces and the upper surface of the semiconductor FIN; and part 
of the gate insulating film located on the part of the semiconductor substrate in which 
the trench is not formed is interposed between the semiconductor substrate and the 
gate electrode (Fig. 10A). 

Claim 13: Iwasa discloses the upper surface of the gate electrode has an even 
surface (Fig. 1). 

Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Iwasa in 
view of Shirasaki in view of Riseman in view of Abadeer as applied to claims 6, 8 and 
13 above, and further in view of Hayashi. 

Claim 7: Iwasa in view of Shirasaki in view of Lee in view of Abadeer discloses 
all the limitations of claim 6. Iwasa in view of Shirasaki appear not to explicitly disclose 
an isolation insulating film formed between part of the semiconductor substrate located 
in a side wall portion of the trench and part of the gate electrode provided over the side 
wall of the semiconductor FIN and an insulating film formed between the semiconductor 
substrate in which the trench is not formed and the first get electrode. 

Hayashi, however, discloses a gate insulating film with three layers (106, 017, 
1 08; Fig. 1 ; column 3, lines 1 5-28) to better insulated the gate from the rest of the 
transistor. 

To better insulated the gate from the rest of the transistor therefore it would have 
been obvious to modify Iwasa in view of Shirasaki to have formed an isolation insulating 
film between part of the semiconductor substrate located in a side wall portion of the 
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trench and part of the gate electrode provided over the side wall of the semiconductor 
FIN and to have formed an insulating film between the semiconductor substrate in 
which the trench is not formed and the first get electrode. 

Claims 14, 16-18 and 20-22 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Iwasa in view of Riseman. 

Claim 14: Iwasa discloses a semiconductor device, Figs. 1 and 3D, comprising: 

a semiconductor region (region of 1 between element 23) of a conductive type 
having a main surface; 

a trench (area between element 23) formed in the semiconductor region and 
having a bottom portion; 

a semiconductor FIN (1 1) formed in the trench; 

source and drain regions (22) formed so as to be buried in the trench and 
connected to the semiconductor FIN; 

a gate insulating film (12) formed so as to cover both side surfaces of the 
semiconductor FIN; and 

a gate electrode (21) formed on the gate insulating film and having in the trench, 
termination structures extending toward the bottom portion of the trench along the both 
sides of the semiconductor FIN(column 1 1 , line 49 - column 1 2, line 1 0). 

Iwasa appears not to explicitly disclose a heavily doped impurity region of the 
conductive type formed in the semiconductor region at the bottom portion of the trench 
and under the semiconductor FIN and the source and drain regions. 
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Riseman, however, discloses forming a heavily doped impurity region 22 of a 
conductive type formed in the semiconductor region at a bottom portion of a trench 20 
to avoid short circuiting (Fig. 9; column 4, lines 14-24). 

To avoid short circuiting therefore it would have been obvious to modify Iwasa to 
have a heavily doped impurity region of the conductive type formed in the 
semiconductor region at the bottom portion of the trench. Iwasa in view of Riseman 
would then disclose the heavily doped impurity region is formed under the 
semiconductor FIN and the source and drain regions. 

Claim 16: Iwasa discloses a first insulating film (portion of 24 under element 1 1 ) 
formed between the semiconductor FIN and the semiconductor region (Fig. 1). 

Claim 17: Iwasa discloses a second insulating film (portion of 24 under element 
22) formed between the source and drain regions and the semiconductor region (Fig. 
1)- 

Claim 18: Iwasa discloses a third insulating film (23) formed on the 
semiconductor region and the first insulating film, wherein the gate electrode is formed 
on the third insulating film (Fig. 1 ). 

Claim 20: Iwasa discloses the gate electrode does not entirely cover the side 
surfaces of the semiconductor FIN (region 22 of element 1 1 ). 

Claim 21: Iwasa discloses a source-LDD region (22a) and a drain-LDD region 
(22a) are formed in the semiconductor FIN (Fig. 8C; column 17, lines 48-62). 
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Claim 22: Iwasa discloses an insulating film (24) formed between the 
semiconductor FIN and the semiconductor region and formed between the 
semiconductor region and the source and drain regions (Fig. 1). 

Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Iwasa in 
view of Riseman as applied to claims 14, 16-18 and 20-22 above, and further in view of 
U.S. Patent 6,770,516, granted to "Wu." 

Claim 15: Iwasa in view of Riseman discloses all the limitations of claim 14. 
Iwasa in view of Riseman appears not to explicitly disclose the semiconductor device 
has a double-gate structure, and a part of the gate insulating film formed above the 
semiconductor FIN has a larger thickness than a part of the gate insulating film formed 
in the side surfaces of the semiconductor FIN. 

Wu, however, discloses a semiconductor FIN 3 having an insulating film 4 
formed above the FIN having a thickness larger than an insulating film 7 formed on the 
side surfaces of the FIN to provide protection for the FIN (Fig. 4B; column 3, lines 20- 
65). 

To protect the semiconductor FIN therefore it would have been obvious to modify 
Iwasa to have made a part of the gate insulating film formed above the semiconductor 
FIN have a larger thickness than a part of the gate insulating film formed in the side 
surfaces of the semiconductor FIN. Wu discloses this structure is a double-gate 
structure (column 3, lines 51-60). 
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Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Iwasa in 
view of Riseman as applied to claims 14,16-18 and 20-22 above, and further in view of 
Shirasaki. 

Claim 19: Iwasa in view of Riseman discloses all the limitations of claim 14. 
Iwasa in view of Riseman appears not to explicitly disclose each width of the source and 
drain regions is larger than that of semiconductor FIN. 

Shirasaki, however, discloses a semiconductor FIN 31c having a width smaller 
than the width of the source and drain regions 31a and 31b to provide more surface 
area to form contacts for the source and drain regions (Fig. 10). 

To provide more surface area to form contacts for the source and drain regions 
therefore it would have been obvious to modify Iwasa to have each width of the source 
and drain regions larger than that of semiconductor FIN. 

Response to Arguments 

Applicant's arguments with respect to claims 1-4, 6-8 and 12-22 have been 
considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

A shortened statutory period for reply to this Office Action is set to expire THREE 
MONTHS from the mailing date of this Office Action. Applicant is reminded of the 
extension of time policy as set forth in 37 CFR 1 .1 36(a). 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to JOHN LIN whose telephone number is (571)270-1274. 
The examiner can normally be reached on M-F, 8AM-5:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Ken Parker can be reached on 571-272-2298. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Matthew E Warren/ 

Primary Examiner, Art Unit 2815 



/J. LV 

Examiner, Art Unit 2815 



